Abstract-In June 1991, Mt Pinatubo's eruption in the Philippines ejected a staggering 20 million metric tons of SO, into the stratosphere which resulted in an aerosol cloud covering most of the Earth within a few months after the eruption. In this article we illustrate how the seasonal trends of global, direct and diffuse solar radiation were modified by the eruption in two mid-latitude sites in Europe and the U.S., totalling about 12 yr of hourly data. A spectacular increase in the diffuse fraction of solar radiation as opposed to a decrease in direct radiation which extended from late 1991 to mid 1993 was observed in both sites and for clear sky conditions. Global radiation was not altered significantly from these data sets. Sunphotometer measurements in one of the sites show the volcanic aerosols tripled the total atmospheric aerosol optical depth at 1 pm and approximately doubled the aerosol optical depth at 0.5 pm. Copyright 0 1996 Elsevier Science Ltd.
INTRODUCTION
From a climatologist's point of view, Mt Pinatubo's eruption in the Philippines ( 15.1"N, 120.40E) in June 1991 was probably the largest of the century. The net overall radiative forcing entailed by the volcanic aerosols in 1992 was estimated at -3 W/m2, then reduced to -1 W/m' in 1993, from McCormick et al. (1995) . These figures should be compared with the warming effect of greenhouse gases, estimated at $2 W/m2. The resulting decrease in global surface air temperature was estimated at -0.5°C for the year 1992, from Minnis et al. (1993) . On a longer time scale, the amount of anthropogenic aerosols present in the atmosphere has been increasing exponentially since the beginning of the century. The ratio of artificial to total aerosols world-wide is approximately 15%, from Jennings (1992) , and entails an estimated overall global cooling effect of -1 W/m2, from McCormick et al. (1995) . However, the impact of these aerosols on solar radiation is extremely difficult to assess because of their short life time (~ 1 week) and their high variability in space and time. In comparison, the aerosols generated in the stratosphere by Mt Pinatubo's eruption rapidly covered most of the surface of the globe with a life span in years rather than days. This makes the event a unique opportunity to study the impact of atmospheric aerosols on solar radiation measured at the ground level.
The dispersal of volcanic aerosol from its point source in the Philippines, at different levels in the stratosphere and troposphere, has been an object of extensive research, see for example Hobbs (1993) . Longitudinally, the dispersal was rapid and the volcanic plume circled the earth (at constant latitude) in a matter of weeks. Latitudinally, the transport was slow and apparently season-dependent. From the SAGE I I satellite limb experiment, it appears that the stratospheric aerosol optical depth at 1 pm and our latitudes (~45°N) increased sharply by more than a factor of 10 during the period September to December 1991 (2-5 months after the eruption), from Hobbs (1993) and Trepte et al. (1993) . Rosen et al. (1994) analysed balloon-borne backscattersonde data over Laramie, Wyoming (41°N) , and found that the stratospheric aerosol optical depth at 525 nm was consistently high in 1992 and decayed abruptly in the spring of 1993. From extrapolation of their curves, it appears the Pinatubo aerosols had all but completely disappeared by mid 1995 although 95% of the decay had occurred by mid 1993.
The aim of this article is to illustrate the impact of the eruption on broad band irradiance data measured at the ground level. However, detection of the volcanic perturbation is made difficult by the extremely variable tropospheric climate in the two urban sites studied here. The results are therefore presented for clear skies only, when the influence of the volcanic aerosols is most apparent. Finding a method which is based on the available irradiance data and gives an unbiased selection of clear skies was however a challenging problem and is discussed in the first part of the paper. A short discussion of the clearness index and Angstrom's turbidity parameters is also given. The second part of this article illustrates the clear sky global, direct and diffuse irradiances after having subtracted the background seasonal trends, in order to pinpoint the effects of the volcanic aerosols alone. Spectral sunphotometer measurements are also analysed and compared to the broad band results.
PRELIMINARY COMMENTS

The clearness index
The clearness index (Kt) is a dimensionless quantity defined as the ratio of global to extraterrestrial solar radiation on a horizontal surface. This ratio gives a general indication of the total atmospheric attenuation, although it is impossible to tell whether this attenuation is caused by aerosols, clouds or some other impairment. The direct and diffuse indices (Kb and Kd) correspond respectively to the ratio of direct to extraterrestrial (in a plane perpendicular to the sun's rays) and diffuse/extraterrestrial horizontal irradiance. All three parameters depend, to different extents, on the amount of scattering and absorption taking place at various wavelengths. As a result of molecular scattering, Kt decreases with increasing solar zenith angle for invariable sky conditions, since a longer path length through the atmosphere will entail an increased amount of backscattered radiation. This is confirmed by our results, as illustrated in Fig. 1 which shows all the hourly Kt versus air mass values measured in Geneva over a 6 yr period and for all weather conditions (21,131 hourly values). The solid curve represents simulations made with the SMARTS2 (1990) (1991) (1992) (1993) (1994) (1995) and all weather conditions. spectral code, by Gueymard (1995) . In these simulations the sky is considered cloudless, the atmospheric aerosol and moisture contents correspond to an Angstrom turbidity factor (β) of 0.1 (see Section 2.2) and a height of precipitable water vapour content ( w ) of 2 cm. These are average conditions for Geneva. The simulations are in good agreement with the highest values of Kt. The few points above the curve may be the result of particular conditions, either when the sky is extremely clean and dry, or when a few clouds act as solar concentrators due to specular reflections. Perez and Ineichen (1990) have also shown that Kt decreases rapidly as the solar zenith angle increases above 50" and they suggest the use of a new clearness index defined by:
. where m is the relative optical air mass. In this equation, the clearness index has been corrected in the aim of eliminating its dependence on the solar zenith angle. The denominator has been adapted from Kasten's (1980) formulation of the attenuation of direct beam irradiance in a cloudless atmosphere, with a constant Linke turbidity index (TL) of 1.4. The fraction of diffuse to global radiation on a plane perpendicular to the Sun's rays is fixed here at 0.1, in agreement with TL= 1.4. The corrective factor 1.031 is added so that Kt =Kt' at air mass 1. Figure 2 shows that most of the dependence of Kt vs air mass which was illustrated in Fig. 1 has been accounted for by eqn (1). A small residual dependence may be the result of eqn (1) assuming (incorrectly) that both T L and the diffuse fraction are invariant with respect to the air mass. Equation (1) 
where Kt" is independent of air mass for average conditions (p = 0.1 and w = 2 cm), according to the spectral simulations and in agreement with our 6 y r data bank. Most of the illustrations presented in this article are however drawn for a fixed value of air mass and eqn (2) was used only when comparing model predictions and measured direct irradiance for all values of air mass. In all the other illustrations, Kt' and eqn (1) is used for the selection of clear skies.
It is obvious that Kb and Kd also depend on the solar zenith angle. Simulations made with SMARTS2 (not illustrated) showed that Kb has a similar but steeper decrease than Kt with air mass whereas Kd increases slightly for m < 4 . It must be said also that Kb and Kd are both very sensitive to the amount of aerosols present in the atmosphere with largely compensating effects, such that Kt is only slightly affected. This is because the typical phase function of Mie scattering on aerosols is much more forward biased than that of molecular or Rayleigh scattering (see for example Hansen and Travis, 1974) , resulting in the fact that Kt will be more sensitive to air mass variations than to atmospheric aerosol content.
Angstrom's turbidity equation
This equation is written: 6,, = pA-a where S,, is the aerosol optical depth at wavelength 2, from Angstrom ( 1961). Angstrom's equation has been derived both empirically and confirmed theoretically [in the special case of a Junge spherical polydispersion see Junge ( 1963) ].
Angstrom's turbidity factor (0) is the equivalent aerosol optical depth at 1 pm. The wavelength exponent (a) is closely related to the average size of aerosols, see for example Shifrin (1995) . An average value of a given by Angstrom ( 1961) which has been used extensively and observed at a great variety of locations and seasons is a= 1.3 kO.2. Cachorro et al. (1987 Cachorro et al. ( , 1989 shown that a and p may vary considerably over the solar spectrum. If however these parameters are determined by linear fit (Ln 6,, vs Ln i) to a wide range of wavelengths, they enable a good general description of atmospheric aerosol content and an indication of aerosol size.
EXPERIMENTAL DATA
The experimental data used in this study is from Geneva, Switzerland (46.2°N, 6.2°E, altitude: 400m) and Albany, NY, U.S.A. (42.7°N, 73.8°W, altitude: 75 m). The broad band irradiance measurements are collected in the scope of the International Daylight Measurement Program (IDMP) of the Commission Internationale de 1'Eclairage (CIE), as described in the IDMP Guide (1994). The instruments are Kipp&Zonen CM 11 for the global and diffuse and an Eppley NIP pyrheliometer (5.7° opening) for the direct irradiance. In both sites, some of the diffuse measurements were collected with a tracking disk, but most were measured with a fixed shadowband and have been isotropically corrected. All three components: global, direct and diffuse were measured simultaneously and averaged on an hourly basis. The Geneva data is nearly complete over the years 1990-1995. Incomplete data from 1986-1987 were also pieced together and used to illustrate the pre-Pinatubo seasonal trends. The broad band Albany data was collected and provided by the Atmospheric Sciences Research Center (ASRC) and covers the years 1991-1994. Of the 1991 Albany data, only the direct component proved to be reliable and was used in this study. All the broad band measurements were carefully screened using the authors' automatic quality control procedure for IDMP research class stations, described in the IDMP Guide ( 1994) with a i 50 W/m' validation limit on the global and direct components. All the instruments are calibrated on a once a year basis in both sites, exhibiting a precision better than 2% in outdoor calibration conditions. Additional data includes 23 years of Campbell-Stokes daily sunshine records collected in Geneva by the Swiss Institute of Meteorology. In Albany, spectral direct irradiance data at 5 wavelengths (41 5, 500, 610, 665 and 862nm) for the period Jan. 1992-Oct. 1994 was used to calculate spectral aerosol optical depths over this period. The instrument used is a Multi-Filter-RotatingShadowband-Radiometer from YES instruments, see . Collection, calibration, cloud screening and calculation of total optical depths from the spectral measure-ments were carried out at the ASRC, as in .
GENERAL PROCEDURE
Non-Pinatubo effects
In unperturbed conditions, the quantities of global, direct and diffuse irradiance arriving at the Earth's surface are influenced mainly by variations of (a) the weather conditions; (b) the path length through the atmosphere (ie. the air mass) and (c) the Sun-Earth distance. Much care was taken in attempting to reduce the influence of these three factors without affecting the results concerning the eruption itself. Firstly and most challenging is the problem of variable weather conditions, which includes the effects of clouds, aerosols and water vapour. These were reduced partly by selecting clear skies only, see Section 4.2. In addition the background seasonal patterns were deduced from data collected outside the period of volcanic influence and the post-Pinatubo data is then illustrated after having subtracted the seasonal trend. The short term weather fluctuations could not be avoided, and are responsible for the large scatter in the results. A smoothing algorithm was used to trace an average trend through a cloud of points, which is based on the weighted mean of validated measurements within a certain time period. Secondly, we have illustrated only the hourly values for which the air mass is included in the interval 2.0-2.6, where m = 2.0 corresponds to the maximum height reached by the Sun on the winter solstice. The summer and winter data therefore do not correspond to the same time of day but rather to the same path length through the atmosphere. Thirdly, each component is normalised by the extraterrestrial irradiance corrected for f 3% resulting from varying Sun-Earth distance.
Selection of clear skies
Most of the results are presented for clear skies, in the assumption that the effects of the eruption are most apparent in these conditions. Without simultaneous hourly data on cloud conditions, an objective and unbiased selection of clear skies appeared to be a tricky problem. This is mainly because the selection criteria are based on the measured global, direct and diffuse radiation which were all influenced by the eruption. Several methods were compared, some of which were: (i) selecting the 10% clearest hourly values (highest values of Kt'); (ii) selecting the values for which 0.65 < Kt' < 0.75; (iii) choosing a threshold for Kt' above which all values are selected as clear days, e.g. Kt'>0.55; (iv) selection based on the direct or diffuse components, e.g. on Kb or Kd; (v) adapting the fraction of clearest hours in (i) to the seasonal background variations, i.e. selecting a larger fraction of values in summer than in winter since there are more sunny days in summer.
Method (i) was chosen to illustrate the effect of the eruption on global as well as direct and diffuse radiation. Method (ii) was chosen to show the impact of the eruption on the diffuse and direct fractions of global radiation, for identical conditions of clearness index. Throughout the analysis, we have assumed that the eruption had no impact on the tropospheric climate and therefore the same number of "clear skies" should be observed before and after the eruption. This was the principal argument for discarding methods (iii) to (v).
RESULTS AND DISCUSSION
Global, direct and diffuse radiation at Geneva
Figure 3, upper graph, shows the values of the hourly clearness index at constant air mass and all weather conditions for 6 yr. The impact of the eruption, if any, is scarcely visible from this plot. The bar chart, Fig. 3 lower graph, represents the proportion of hourly values in each year for which Kt'>0.55. Thus there were fewer "clear" skies in 1992 just after the eruption than in any of the other years. The tropospheric climate may be partly responsible for this effect, as was probably the case in 1994 during which a decrease in the number of clear skies was also observed. We observed that if the threshold value is decreased to Kt' = 0.45, the proportion of selected values becomes invariant over the 6 yr. This result tends to confirm that the effects 1990 ' 1991 ' 1992 ' 1993 ' 1994 ' 1995 of the eruption are only apparent under clear skies. Figure 4(a) shows the background seasonal trend of hourly Kt' values for the 10% clearest skies at constant air mass. Figure 4(b) shows the seasonal trend of hourly precipitable water content (w) for the same conditions. Both trends are deduced from a total of approximately three years of simultaneous measurements collected during 1986-1987, 1990 and 1995 . The values of Kt' are corrected for the effect of varying Sun-Earth distance. The precipitable water content is estimated from ground based temperature and relative humidity measurements collected simultaneously in the same site, as in Wright et al. (1989) . The distinct residual seasonal effect (+3%) on the clear sky values of Kt' is well correlated to the variations of precipitable water content. The seasonal variation in atmospheric aerosol content and its interaction with air moisture (e.g. Tang et al., 1981) may however also influence this seasonal trend in various ways, going well beyond the scope of this article. In Geneva, the ground is snow covered in winter for a period which totals rarely more than 1 or 2 weeks, thus the enhanced ground albedo cannot be held responsible for the higher values of Kt' during the cold season. The seasonal patterns in the direct and diffuse irradiance components illustrated below bring some additional clues in trying to understand why the sky appears clearer in winter.
Figure 4(c) shows 6 yr of hourly values of Kt' at constant air mass and for clear days only, after having subtracted the seasonal effect of Fig. 4(a) . As in Fig. 3 above the effect of the eruption is not too clear from this graph. Indeed, the decrease in the values of Kt' observed in 1992 is not significantly greater than the seasonal effects illustrated in Fig. 4(a) . In addition, a similar decrease was observed in the winter of 1994-1995 even though by this time the effects of the eruption should have become negligible. It is also interesting to note that the 1994-1995 winter is the only winter for which the 10% highest values of Kt' are smaller than the 3 yr average seasonal trend. The (relatively) small influence of the eruption on the values of Kt' is not incoherent. Dutton and Christy (1992) illustrate a 15 yr time series of global irradiance at Mauna Loa observatory (also for clear skies and constant air mass) from which the effects of both the El Chichon and Pinatubo eruptions are visible. These authors estimate at 5% the maximum deficit in horizontal global radiation reached after the Pinatubo eruption, with a 2.7% average deficit over 10 months. The fact that the effects of the eruptions appear clearly from their Fig. 2 is favoured by the local climate (clear morning conditions 50% of the time), the reduced tropospheric effects (the observatory is 3.4 km above sea-level) and the absence of seasonal variations. Figure 5 brings some additional food for thought concerning the seasonal question. The average weekly solar fraction in Geneva over a 23 yr period ) is plotted versus the week number of the year ( 1 to 52). The solar fraction is defined here as the daily total sunshine duration measured with a CampbellStokes sunshine recorder and divided by the day's length. The large dispersion in Fig. 5 can be explained partly by the large uncertainties linked to the instrument (see for example Iqbal, 1983) but is also a result of the extremely variable weather conditions. A distinct seasonal trend is nevertheless apparent, showing that there are on average more than twice as many clear days in summer as in winter. With this in mind, the results of Fig. 4(a) are particularly relevant. Indeed it appears that even though there are fewer clear days in winter, the clearest winter days are brighter than the clearest summer days. In order to account for the seasonal effect illustrated in Fig. 5 , the fraction of clearest days was taken as variable from 9% in winter to 28% in summer. This is method (v) described in Section 4.2. The results obtained with this method (not shown) do not differ significantly from those obtained with method (i) except that the seasonal trends are slightly amplified. Method (i) was preferred since the same number of points are selected at all seasons.
Figure6 shows the 6 yr time series for the direct index (Kb), for constant air mass and all weather conditions. The effect of the eruption is clearly apparent from this graph, which shows that the proportion of points for which Kb > 0.3 at constant air mass. The seasonal trends are not as distinct as in the case of Kt' above, but show a maximum of diffuse-minimum of direct-in summer. Thus there seems to be more diffusion in summer, which could be explained by an increase in the number of thin clouds and/or aerosols. This result tends to show that increased backscattering also contributes to the reduction of global radiation observed in summer, Fig. 4(a) . However, these trends are plotted from only 3 yr of data and are in need of being confirmed with larger data sets. Figures  7(b) and 8(b) show 6 yr of hourly time series of Kb and Kd at constant air mass and for clear skies only, after having subtracted the seasonal trends illustrated in Figs 7(a) and 8(a). The impact of the eruption is quite spectacular. The deficit of direct and surplus of diffuse radiation (-27% and +47%) is much greater than the amplitude of the seasonal variations (k 8% and -+9%). Since K b + K d = K t and Kt is only influenced slightly by the eruption, it is obvious that the effects of the volcanic aerosols on these two components will be of opposite sign and similar in shape. The severe decrease in direct radiation had a dramatic impact on the productivity of solar thermal power plants, see Michalsky et al. (1994) . The effect starts in the autumn of 1991, reaches its peak during the first winter, and lasts until about the summer of 1993. This result is in good agreement with Rosen et al.'s ( 1994) lidar backscatter measurements (490 and 940nm) at 41°N which show that 95% of the enhanced aerosol optical depth had decayed by mid-1993. Figure 9 (a) illustrates the pre-Pinatubo seasonal trend of the ratio of horizontal direct over global irradiance. As above the points are for constant air mass. Selection of clear skies is this time independent of season and weather, according to: 0.65 < Kt'<O.75. The deficit of direct irradiance during the summer months which was observed in Fig. 7(a) is also apparent here, despite the fact that in Figure 9 (a) the conditions of sky clearness are kept constant throughout the year. This gives additional meaning to the observed seasonal trend. Figure 9 ( b) illustrates the 6 yr time series of the hourly direct/global values for constant air mass and clearness index, after having subtracted the seasonal trend of Fig. 9(a) . As could be expected, the results are quite similar to those of Fig. 7(b) . This result stresses the fact that it is the direct and diffuse components which were dramatically modified by the eruption with only a minor effect on the sum of the two, i.e. global irradiance. Figure 10 shows the difference between the measured and modelled normal beam irradiance for the 6 yr time series in Geneva, for clear skies only and all values of air mass. The model illustrated here (Perez et al., 1992) is an empirical model developed from extensive measurements collected in over a dozen sites in Europe and the US, including previous data from both Albany and Geneva. As input, the model calls upon the values of Kt', water vapour, solar zenith angle and an indicator of the variation of Kt' over an interval of 1 h around the time of measurement. The results are presented for clear skies only [top 10% hourly values of Kt", see eqn (2)] and all values of air mass. If we consider the eruption had an influence only from late 1991 until mid-1993, it seems the model significantly underestimates the direct irradiance in Geneva in unperturbed conditions. The effect of the eruption is apparent only over the winter months. Figure 4 (c) shows that Kt' registered an apparent decrease only during the summer months, whereas Fig. 7( b) shows that Kb was affected evenly at all seasons. It is therefore not surprising that the model, which predicts Kb from Kt', agrees better with the measurements over the summer months. During the winter of 1994-1995, the model greatly underestimates the amount of direct irradiance. Figures 4(c), 7( b) and 8( b) show that the values of Kt' and Kd were lower than average over this period, whereas Kb was unaffected over this winter. This climatological situation is puzzling. It can only be explained by reduced scattering and increased absorption, rather the opposite of the Pinatubo effect. It was not however correlated with high values of precipitable water content during that winter. A longer time series would confirm whether this situation is really exceptional, as apparent from the fact that this robust empirical model is at a loss over this period. Figure 11 is equivalent to Fig. 6 for the site of Albany, showing a 4 yr time series (1991) (1992) (1993) (1994) of the direct index (Kb) for all weather conditions and constant air mass. The effect of the eruption is similar, although of a somewhat lesser amplitude, to that observed in Geneva. Outside the period of volcanic influence, the maximum values of Kb and the seasonal trend appear to be quite similar in both sites. The threshold above which approximately 10% of the points can be found is however markedly greater in Albany (Kb>0.43) than in Geneva (Kb>0.30). This must be because the Sun is more often obstructed in Geneva than it is in Albany. The equivalent of Fig the same conditions is not shown, because the 1991 data of global irradiance was not reliable. The results obtained over 1992-1994 were very similar to those of Fig. 3 , with a threshold of Kt' fixed at 0.6 instead of 0.55. Figure 12 illustrates the post-Pinatubo (1992-1994) evolution of the hourly values of Kt', Kb and Kd, for clear skies and constant air mass. No seasonal trends have been subtracted here. Only a little over 1 year 's data (between 1986 and 1987) of pre-Pinatubo data was available, from which a yearly overall average value was deduced (Kt' = 0.83, Kb = 0.52 and Kd = 0.14). These pre-Pinatubo average values were subtracted from the postPinatubo data illustrated in Fig. 12 . The background seasonal variation of Kt' with a maximum in winter appears clearly in Fig. 12(a) and is very similar to that observed in Geneva, Fig. 4(a) . There is no apparent effect of the enhanced ground albedo due to snow cover which lasts longer in Albany than in Geneva. The effect of the eruption on Kt', superposed to the seasonal effect, seems more important here than in Geneva, with a possible slight amplification in summer. The effect of the eruption on Kb and Kd, Fig. 12(b) and (c), is grossly similar to that observed in Geneva, although the scatter of points is large and it is difficult to interpret the effect of the background seasonal trend. It appears that Kd exhibits a seasonal maximum in March/April instead of June/July and it would be interesting to confirm these tendencies with a larger data set. Figure 13 illustrates the difference between the measured and modelled values of the direct irradiance, for Perez et al.'s (1992) (Fig. 10) is absent from this limited data set. Figure 14 illustrates the hourly values of the Angstrom parameters a (the wavelength exponent) and B (equivalent to the aerosol optical depth at 1 pm) for 3 yr after the eruption. Unfortunately, data prior to the June 1991 Pinatubo eruption is lacking here, but the slow decrease in aerosol optical depth is obvious from Fig. 14 (1993) in the same site. Kaufman et al. (1994) , in a number of sites around the world, estimate the volcanic aerosols reached a mean radius of f -0.5 pm whereas the typical tropospheric aerosol has a mean radius smaller than 0.2 pm. The fact that r increased to an average value of about 1.4 by mid-1994, in agreement with the usually quoted average value of 1.3, shows that the results are coherent in non-perturbed conditions. The fact that a is lowest in winter is probably linked to the tropospheric background aerosol content being at its minimum during the cold season (see for example Hofmann, 1993) whilst the volcanic aerosol enhancement in the stratosphere may well be at a maximum at these latitudes. A winter maximum was observed at mid-latitudes from satellite limb experiments (which should not be affected by the fact that the sun is lower in winter) after the 1985 Ruiz eruption, see Yue et al. (1991) . The dispersal of volcanic aerosols from the equatorial reservoir is however a complicated process and depends on the atmospheric layer being considered, see for example the lidar measurements analysed by Langford et al. (1995) . These authors show that the aerosols in the middle stratospheric layer (17-23 km), which contains most of the volcanic aerosol mass, exhibit a monotonous exponential decay from late 1991 onwards. The higher and lower zones are however characterised by marked aerosol enhancement during the winter months, see also Trepte et al. (1993) . 
Global, direct and diffuse radiation at Albany
Spectral aerosol optical depth at Alhany
SUMMARY AND CONCLUSIONS
The results can be summarised as follows: The June 1991 eruption of Mt Pinatubo in the Philippines had a spectacular impact on the broad band direct and diffuse measurements made in two northern mid-latitude sites, starting 3-4 months after the eruption; the clear sky increase in diffuse radiation (+50%) was much larger than the corresponding pre-Pinatubo seasonal variation (*10%). It was largely compensated by a decrease in direct radiation (-30%, _+ S%), such that the impact of the eruption on global solar radiation was small; the clearness index (ratio of global to extraterrestrial radiation) shows a 3% background seasonal variation with a maximum around 20 February and minimum around 20 August. A plausible cause of this trend is the opposite trend exhibited by the atmospheric precipitable water vapour content; the above results were observed in Geneva and are well corroborated by, and in phase with, the results obtained in Albany; the influence of the eruption at northern midlatitudes is invisible from the broad band measurements after mid-1993. Spectral data however indicate that the aerosol optical depths were still decreasing slightly by mid-1994; the spectral measurements also indicate that the volcanic aerosols are significantly larger than their tropospheric counterpart and this is apparent mostly during the two winters after the eruption. Finally, it should be said that Mt Pinatubo's eruption is unique mostly because of the persistent nature of the volcanic aerosols. The sheer amplitude of the effects could have been caused by tropospheric aerosols alone, as witnessed by the large scatter of points in the figures. These are however exceedingly difficult to assess because of the short life span of tropospheric phenomena.
